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ERRATA

NRL Memorandum Report 3760

p. 1, bottom line, inside the parentheses, should read

(ls2s — ls3p, ls2p — ls5s, ls2p — ls3d)

p. 2, line 1., should read 2p- 3d not 2p-5p

p. 2, second paragraph, beginning of line 7, should read,

N 
- 

~~ 

N + l
S S

p. l~ , last sentence in figure caption (fig. 3) should read :

“Results for a strict blackbody pumping source give

an order of magnitude higher gain at these densities”
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We show by means of a new analytic formalism , which is developed for describing the average
effect of photoexcitation processes in optically thick media, that gain can be achieved in the A~
XII 3.2 transitions at 44A at densities well below , and over spatial extents will beyond , those here-
tofore proposed. Photoexcitation of the n — 3 level in A~ XII by the is2 1S — is2p 1P transition
in SI XIII is used to generate the population inversion between the n — 2 and n — 3 states in AQ
XII. The gain is enhanced in magnitude and spatial extent by photoexcitatlon of the is2p 1P
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20. Abstract (Continued)

and is3p 1P states of the Si and A5~ plasmas respectively. An estimate of the inherent experimental
limitations of this inversion technique is also made by comparing the calculated gains with upper
limits that are obtained by pumping wi th a strict blackbody photon flux in the pumping line.
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~~~~~~~~~roduct ion

is a well established phenomenon of radiative transfer irs stellar-.

like plasmas that as the optical depth of a line increases, the mean

radiative energy flux in the line correspondingly increases to approach

the Planck blackbody value. Recently, the possibility of achieving

stimulated emission in the x—ray or soft x—ray region by utilizing the

interaction of strong lines from different elements or neighboring ioni-

zation stages has been considered in the context of resonance line pump-

ing in high density, albeit optically thin, plasmas.’~
’
~~

’ We—4e~ø~st~.at e

_ re—th.at proper util ization of photon trapping effects in the pumped

and pumping plasmas can yield compar able gains at soft x-ray frequencies

to those proposed 4~~rafareno&..-~~~however , at plasma densities that are

significantly below and over spatial extents that are significantly

larger than those that would be required were one to be restricted to

optically thin plasmas in which an exponentially decaying inversion

density is generated. The demonstration is made by treating the physi-

cal situation of a non-collisionally dominated aluminum plasma with the

aid of a new global rate equation formalism developed to include photo—

excitation processes, on the average, into ionization equilibrium calcu—

lations involving optically thick laboratory plasmas. In particular,

the pumping of the AL xii i~2 - ls3p singlet transition (~~‘6~5k~~by the

Si XIII is - ls2p principal resonance line at 6.650k is considerid’-~~r

a range of plasma de~tsities, sizes, and mass ratios with a specific

analysis of photon trapping, pumping , and escape within both the silicon

and the aluminum plasmas. Of the three AL XII singlet transitions in

which gain may be anticipated (ls2s — le3p - ls2p, - ls3s, ls2p - ls3d),
Note : Manuscript submitted March 23, 1978
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the 2p—3d is the strongest transition; hence it will have the largest

gain under the assumption we make that the s, p, and d states of levels

2 and 3 are statistically populated . In this case, the gain in the

2s-3p line will be about 20~ of the gain in tl~ 2p-3p line, while for

the 2p— 3s line , it is about 3%

II. Pumping Model

Consider first the origin and the random walk of pump photons

through an optically thick silicon plasma. If the single-flight photon

escape probability is 
~e’ 

and the probability for collisional quenching

per re-absorption is P 0 then the probability that, in scattering, the

photon neither escapes nor is quenched is f , given by 
~~~~~ 

~~
_P

q
)

The probability 
~N 

that the photon executes exactly N scatterings is

N 
- ~ 

N-I and thus N , the mean number of scatterings in the siliconS S S -

plasma, is ~ N = f /(l—f ). Each scattering represents a re-exci-

tation of the 1s~ - ls2p transition; hence the collisional excitation

rate of the is2p state is effectively enhanced by the factor (1. + N )

in accounting for the net effect of both radiative and the original

collisional excitation.

In general , this technique’s accuracy in the mean depends only on

the accuracy with which 
~e 

and P
q 
can be calculated for each optically

S thick transition. The values of P , which are given by C
q

where ~~~ is the Einstein A for the transition and C is the total

collisional transition rate out of the upper level, were obtained from

distorted-wave calculations of the collision strengths3. Their values

2
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are listed , along with the Si - 
- five level strucl ’lr e being studied ,

in Figure 1. For collisional ionization out of the excited states the

following expression was emp loyed
1
~

N lO~~ (kT /yy
~ 1

= e e - exp C- yikT ) sec (1)
coil, ion. )( 3’2 (5 + kT

e!X) 
- e

where ‘<. and kT are in eV, x being the energetic gap between the level

and the continuum. Note that to account for both spontaneous radiative

and collisional transitions out of a particular level , the spontaneous

rate can be divided by (i_P
q
)~ the ratio of radiative to total transi-

tions out of the level. It should be noted that the formalism described

here neither requires nor includes a model of the complete ionization

structure of the aluminum or silicon plasmas. However, we have made

reasonable assumptions about the densities of the active ions, AL XII

and Si XIII, and the electron densities , and perform the computation

using the rates of processes occuring with these ions. For the initial

clarity of working with a simple set of rate equations we have not

included recombination processes involving AL XIII and Si XIV . This

will impact estimates of the gain aehievable in the AL XII 3-2

transitions. Collisional recombination processes tend to increase the

populations of the upper levels and thus would directly enhance the gain

of the 3-2 transitions. We calculate that the dielectronic recombination

coefficient into the n = 2 levels of AL XII is 12~ greater than that into

the n = 3 levels. However, as shown in figure 1, the electron colli-

sional excitation rate into the n 2 levels is 7 times as great as

3
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that into the n = 3 levels from level 1 at the SCC eV t- ’mperature con-

sidered here. Since we show below that substantial gain is achievable

with even this large collisional population ratio precisely because

photo-excitation is dominant], the techniques used here therefore give

first order results by not including these processes.

Finally,  the single—fl ight escape probabilities were calculated

from the following formula due to Athay5,

= c.8L~.8 

~~~~ 
(2)

where a Aj j !L
~1r~~~D, is the line broadening parameter appropriate for

a Vo igt pr o f i l e  tha t is naturally broadened in the line wings arid

T = the plasma optical depth at the line center, along a plasma radius ,

corrected for stimulated emission. This formula has been found to agree

within 2C~~, for values of a less than C.C5, with detailed multi-frequency

transport calculations6.

For the calculations presented here we assumed a cylindrical geome-

try with the cylinder Z—axis much longer than the radius. The outer

portion of the cylinder is silicon, with a temperature of 1 Key, The

core is aluminum, assumed to be at C.3 Key. These tensperatues are shown

by coronal models to be those at which the A2 XII and Si XIII ion

species constitute about half of all the ions in the plasma.’

I. Direct collisional processes involving any mixed Si XIIIand AL XII at the boundaries , such as charge exchange re-
actions, are not considered since the diffusion distance is
only 2 microns per nanosecond at the lowest densities to be
considered ~10_e ions/cm3). Unwanted mixing of the two sub-
stances could in any event be suppressed by operating them
with a neutral filler such as polyethelene.

4
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Consider next the escape of photons from the silicon region. Some

photons will cross the outer surface of area A arid others will escape

through the inner si l icon area (A a) into the aluminum . The f ract ion

that ent er the a lu minum is th us obtained by the r atio of available escape

surfaces A / (A ÷ A
a
) in f i rs t  approximation . Of those entering the

aluminum region , only a f raction S will be trapped . If the aluminum

region is many absorption lengths thick at line center nearl y all  the

entering photons will be intercepted in the aluminum region ( i.e .  3 ~ I ) .

This is the physical situation we have assumed in our calculations .

This condition will be more easily realizable if the aluminum and silicon

plasmas are counter-streaming to being the pumped and pumping transition

wave lengths into coincidence (at a counter-streaming velocity of

7 x io7 
~~~ 

). In general, however, the total probability € that a

silicon photon, which ultimately escapes the silicon region with proba-

bility 
~~u 

= 

~e N=O 
f N 

= l_ (l_P
:
) (l_P

q
) enters, becomes trapped

in, and pumps the AL XII ls2 — ls3p transition is given by 
~uA( a

t A  — A
~~~a s

By taking into acoount the above considerations , and by assuming

statistical population of the A). XII 2- and 5- sublevels, one can aver-

age over the geometrical details of a radiation transport calculation

and write a simple set of rate equations for the A). X~t steady-state

level populations in terms of quenching probabilities and mean numbers

of photon scatterings. Numbers 1-5 will refer to the A; ~~i levels 1,

2, and 3, and Si XIII levels I and 2 respectively. Then, the mai n

features of the level 2 and level 3 photo-excitation dynamics , based on

5
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the level system shown in Figure 1 (AL XIII  and Si XIV ground states also

incl uded) , can be described by the equil ibrium equations :

N1 C12 (I + N 12) 
N~ A21

N1 C13 
(1 + N

13
) + N~ C~5 

N
13 € 

= 
N3 A31 ( )

where the N. ’s refer to total numbers in the plasma rather than densities .

By solving Eq. (3) and (Ii.) for the population ratio N
31N2, one obtains

N 
= 

A21(l-P)~~~ [N1 C13 (1 + N 13) + N~ C~5 
E N 513]

N2 A
31 

N1 C12 (1 + N 12
) (1 - P

Q2)

An inversion exists when NS/N .
> 

B3/5 2 = 9/L 1.~ In these equations, the

C’ s are collisional excitation rates for the indicated transitions , and

the A’ s are spontaneous radiative rates. N r efer s to the calculated

mean number of scatterings in the AL XII region for the indicated tran-

sition. Equation (5) clearly exhibits the influence of the trapped line

radiation on the pumping process; population inversion between levels 2

and 3 is enhanced by scatterings to level 5 and , natural ly, reduced by

scatterings to level 2 which sustain population in the lower level of the

lasing transition. As expected, the more Si XIII ground states N~ that

can be excited , the larger is the attainable inversion. Since we do

not attempt its this treatment to account for radiative depletion of

level 3 onc e lasing begins , Eq. (5) will describe only the linear

amplifier behavior of the aluminum plasma .

6 
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III . Numerical Results for Gaits

From Eq. (5) ,  one can calculate the volume averaged steady-state

gain coefficient which will be established following diffusion of the

silicon radiation into the aluminum region. In Figs. 2 and 5 the gain

coefficient is plotted for the strongest of the AL XII 2-5 sing let

transitions (the 2p-5d) . Since roughly half the ions are in the AL XII

or Si XIII states the electron density was taken equal to roughly 20

times the ground state densities of these species.

A meaningful upper limit to the magnitude of the ~.nversion which

may be produced by this mechanism may be obtai ned by assuming that at

most , the AL XII region is optically thick to a broad band f l u x  of

radiation that is 10 Doppler widths on either side of line center . In

each of the Figures 2 and 3 we have indi:ated the gain which would be

produced by a st r ict blackbody f lux of pumping photons at I key , 20

Dopple r widths wide , impinging on the AL XII region. For the laboratory

plasma conditions considered in this paper , it is always much gr eater

than the gain calculated from Eq. (5) .  Of course if the A~ XII region

is not thick for quite 20 Doppler widths , this “upper limit” will be in

fact smaller since many of the blackbody photons would simply pass

through the AL XII region.

Fig. 2 illustrates that the gain in AL XII is dramatically increased

by increasing the Si XIII density ; this ultimately provides much more

pumping radiation by increasing the total number of collisionally created

Si XIII photons . The ratio of total Si XIII to AL XII ground-state ions

was kept at 511. in this particular calcu ation. Figure 3 illustrates a

gain saturation effect. For a Si XIII to AL XII ground state ion ratio7



of ~11. , the gain is maximized at an AL XII number density of about

I x lO~~ ~~~~~ Above this density, collisional quenching of the

AL XII 1—3 singlet transitions reduces the gain considerably; we also

expect significant gain gradients to develop at higher densities as

pumping photons from the silicon region find it increasingly difficult

to penetrate to and pump the core of the A2 XII region. Below this

density the reduced density of lasing ions is responsible for the

reduced gain. We also note that significant gain is achieved at alumi-

num ion densities as low as 1018 cns 3, which is more than four orders

of magnitude lower than the densities suggested in reference 1.

Finally, the quenching effect of radiation trapping in the AL XII

1-2 transition can also be seen in Fig. 2. The steady state gain co-

efficient for a fixed density and ion number ratio is plotted against

the radius of the aluminum region. The gain coefficient is monotoni—

caily increased by increasing the aluminum region’s size; since S has

been taken equal to one, this is purely an effect of the increased

optical depth of the AL XII region in the AL XII is
2 

- ls2p principal

resonance line.

IV. Sununary

In plasinas whose excitation dynamics are dominated by radiation

transport the degree of photo excitation attainable can be calculated

in the mean from locally definable collisional quenching and nonlocally

definable photon escape probabilities. The escape probabilities are

functions of both the plasma geometry and the absorption and emission

8



profiles. However, in simple geometries and for Doppler or Voigt pro-

files, simple expressions for the escape probabilities as a function of

the mean optical depth at line center can be derived from detailed two-

level radiation transport calculations . In this paper , we showed how

these probabilities could then be utilized itt a global rate equation to

determine, in steady state, the mean population inversion and gain co-

efficient achievable in a two component Si - Al plasma for different

sizes, densities and mass ratios in a cylindrical configuration in which

the aluminum was surrounded by the silicon plasma.

A technique for producing at least some of these configurations is

that of laser heating . If the outer silicon region is to be heated to

1 Key, and the inner aluminum region to 0.8 Key, an approximate expres-

slots for the heating time of the aluminum core by electron thermal con-

duction alone may be obtained by estimating the temperature gradient

during heating to be I Kev/R
~l.OT 

where is the outer radius of the

cylinder. (We assume the aluminum to be preionized by an electron beam,

for example.) Using the expressions for electron conduction given by

Braginskii7 one finds that

th t  — 11 .1.6 x l0 27 R(A L) R
~0~ 

N (6)

where t is the time in seconds needed to heat the center to 0.8 Key,heat

R(AL) is the radius of the aluminum region in centimeters, N is the

average ion density (taken to be 0.05 times the electron density) for

Ai XII and Si XIII. Eq. (6) indicates that it would be possible to heat

the aluminum interior by thermal conduction before the silicon plasma

9
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S djsassernb~es (at t 1 nsec) for characteristic radii of 0.1 cm and ion

densities a few times l0~~ or less. For larger radii and higher den-

sities , the core of aluminum will have to be heated directly by the

laser or by another technique such as in a pulsed-power exploding wire

experiment.
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Si XIII Al XII

SING LETS

I7~~ i,2 /~~~~~~~~~~~~~~~~~

’

~~~~~~

TRANSITION A C (per ion per
.I.ctron per sec)

1 3.9X 1013 ,c 1 5.5X10 12

2 2.8X1&3 8.0X10~~
3 1.4 X 1012 3.9X10 10

4 4.6X10” 1.0X10 1°
5 2.2X10” _________

6 7.7X10 ’2 8.5X10 13

Fig. 1 - The energy levels of interest in the A~ XII-Si XIIIlasing system are indicated in this diagram along with the
radiative and collisional transition probabilities used in

• the calculations.

12

----5—-—---- 5. - - _ 5 . --—-—- 5 - - - S-~~~~~~~~~ ----- — -~~~~~~~~ -- -  -



.U XII  R ADIUS S r ~~I

0.00 1 001
I I 1 1 1 1 1  I i i i

— 
PAA I X l I~ 3 10 11 ~,,53

R A T I O -~ b lat n..,mb.b ,.t.0 .1 St XIII to A l X II

I I I i i i i i  I I l i i i

I0~~ t0~’

~1IS X II I I  5~~’ 3

Fig. 2 - Steady-state gain in the AL XII 2p—3d transi-
tion is plotted vs. Si XIII density and AL XII plasma
radius . Results for a stric t blackbody pumping source
are indicated for compao~ison .
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I I 1 1 1 1 1 1  I

~iS. X X I I  = 5 •
S . RA DIUS of Al reqt ofl 320..

S Al RATIO = 54

— —

I

102 _ —

-1
1

10 I I 1 1 1 1 1  I
S 10~ 3 • 101

NIAI X III ICFW ’I

Fig. 3 - Steady-state gain in the AL XII 2p—3d transi-
tion versus AL XII density, for the plasma conditions
indicated . Results for a strict blackbody pumping
source are shown for comparison.
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U.S. ARMY MISSILE COMMAND
R E D S T O N E  A R S E N A L , AL 35809

3 CV ATTN: CHIEF , DOCUMENTS

COMMANDER
U.S. ARMY MISSILE COMMAND
REDSTONE ARSENAL , AL 35809

1 CV ATTN: DRCPM—PE— EA

COMMANDER
U.S. ARMY NUCLEAR AGENCY
750 0 B A C K L I C K  ROAD
BUILDING 2073
S P R I N G F I E L D , VA 2 2 1 5 0

1 CV ATTN: ATCN—W

COMMANDER
U.S. ARMY TEST AND EVALUATION COMD
ABERDEEN PROV I NG GROUND , MD 2 1 0 0 5

1 CV ATTN: DRSTE—EL

2
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CH i EF OF NAVAL O P E R A T I O N S
N A V Y  D E P A R T M E N T
W A S H I N G T O N, DC 2035 0

1 CV An N: ROBERT A. BLA ISE 604C4

COMMANDER
NAVAL ELECTRON i C SYSTEMS COMMAND
NAVAL E L E C T R O N I C  SYSTEMS CMD HQS
WAS H INGTO N, DC 2036 0

I CV ATTN : CODE 5032

C O M M A N D I N G  O F F I C E R
NAVAL I N T E L L I G E N C E  SUPPORT CTR
43 01 S U I T L A N D  ROAD BLDG. 5
W A S H I N G T O N , DC 20390

1 CV ATTN : NISC—45

OFFICER—IN—CHARGE
NAVAL SURFAC E WEAPONS C E N T E R
W H I T E  OAK , S I L V E R  S P R I N G , MD 2 091 0

1 CV ATTN: CODE WR43
1 CV ATTN : CODE WA5 O1 NAVY NUC PRGMS OFF

COMMANDER
NAVAL WEAPONS CENTER
C H I N A  LAKE , CA 9 3 5 5 5

1 CV ATTN: CODE 533 TECH LIB

AF WEAPONS LABORATORY , AFSC
K I R T L A N D  AFB , NM 87117

1 CV ATTN: CA
1 CV ATTN: ELC
1 CV ATTN: NT
1 CV ATTN: SUL
1 CV ATTN: DYP

HQ USAF /RO
WASHINGTON , DC 2 0330

1 CV ATTN: RDQSM

SAMSO /DY
POST O F F I C E  BOX 92 9 6 0
WORLDWAY POSTAL C E N T E R
LOS A N G E L E S , CA 90 009
( TECHNOLOGY )

1 CV An N: DYS

3 

5~~- - .- 
. - .  —-- .- -- ~~~ - - - - -___ -~~~



SAMSO/ IN
POST OFFICE BOX 9296 0
WORLDWA Y POSTAL C E N T E R
LOS A N G E L E S , CA 90009

1 CV ATTN: IND MAJ DARRYL S. MUSKIN

SAMSO /MN
NORTON A F B , CA 92 4 09
(M I NUT EMAN )

1 CV ATTN: MNNH

SAMSO /SK
POST O F F I C E  BOX 9 2 9 6 0
WORLDWAY POSTAL C E N T E R
LOS ANGELES , CA 90009
( SPACE COMM SYSTEMS )

1 CY ATTN: SKF PETER H. STADLER

UNIVERSITY OF CALIFORNIA
LAWRENCE LIVERMORE LABORATORY
P.O. BOX 808
L I V E R M O R E , CA 94 55 0

1 CV ATTN: L—18
1 CV ATTN: L—1 53
1 CV ATTN: JOHN NUCKOLLS A DIV L—545 (CLASS L—33)
1 CV ATTN: TECH INFO DEPT L—3

SANDI A LABORATORI ES
P.O. BOX 5800
ALBUQUERQUE , NM 87115

1. CV ATTN: DOC CON FOR 3 1~~1 SANDI A RPT COLL
1 CV ATTN: DOC CON FOR 5240 GERA LD YONAS

AVCO RESEARCH & SYSTEMS GROUP
201 LOWELL STREET
W I L M I N G T O N , MA 0 1 8 8 7

1 CV ATTN : RESEARCH LIB A830 RM 7201 
- S

BDM CORPORATION THE
7915 JONES BRANCH DRIVE
MCLEAN , VA 2 2 1 01

1 CV ATTN:  TECHNICAL L : 3 R A RY

BOE IN G C O M P A N Y , T H E
P.O. BOX 3707
SEATTLE , WA 98124

1 CV ATTN: AEROSPACE LIBRAR Y

4
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D I K E W 000 I N D U S T R I E S , INC.
1009 B R A D B U R Y  D R I V E , S.E. S

• ALBUQUERQUE , NM 871 06
1 CV ATTN: L WAYNE DAVIS

• EG&G, INC.
ALBUQUERQUE DIVISION
P.O. BOX 10218
ALBUQUERQUE, NM 87114

1 CV ATTN: TECHNICAL LIBRARY

FORD AEROSPACE & COMMUN ICATIONS CORP
3939 F A B I A N  WAY
PALO ALTO , CA 943 03

(FORMERLY AERONUTRON IC FORD CORPORATION)
1 CV ATTN: DONALD R. MCMORROW MS G3 0
1 CV ATTN: LIBRARY 

S

FORD AEROSPACE & COMMU NICATIONS OPERATIONS
FORD & JAMBOREE ROADS
NEWPORT BEACH , CA 9 2 6 6 3

( F O R M E R L Y  A E R O N U T R O N I C  FORD C O R P O R A T I O N )
1 CY ATTN: TEC H INFO SECTION 

5

G E N E R A L  E L E C T R 1 C  COMPANY
SPACE DI V I S I O N

- 
VALLEY FORGE SPACE CE NTER
GODDARD BLVD K I N G  OF P R U S S I A
P.O. BOX 8555
P H I L A D E L P H I A , PA 191 01

1 CV ATTN : JOSEPH C. PEDEN VFSC , RM 4 23 0M

GENERAL ELECTRIC COMPAN Y
TEMPO—CENTER FOR AD VANCED STUDIES S
816 STATE STREET , (P.O. DRAWER QQ)
SANTA BARBARA , CA 93 102

1 CY ATTN: DASIAC

INST ITUTE FOR DEFENSE ANALYSES
400 ARMY -NAVY DRIVE
A R L I N G T O N , VA 2 2 2 02

1 CV ATTN: IDA LIBRARIAN RUTH S. SMIT H

ION PHYSICS CORPORATION
SOUTH BEFORD STREET
BURLINGTON , MA 01803

1 CV ATTN: H. MILDE

5

- - .-_~~~~~~- -.-S- .. — - ._—_~~~~~~~ --



I R T  C O R P O R A T I O N
P.O. BOX 81 087
SAN D I E G O , CA 92 1 38

1 CY ATTN: R. L. MERTZ

1JAYCO R
1401 C A M I N O  DEL MAR
DEL MAR , CA 920 14

1 CV ATTN : ERIC P. WE NAAS

1JAYCOR
205  S. W H I T I N G  S T R E E T , S U I T E  500
A L E X A N D R I A , VA 223 04

1 CV ATTN: ROBERT SULLIVAN

KAMAN S C I E N C E S  C O R P O R A T I O N
P.O. BOX 7~+63COLORADO S F R I N G S , CO 8 0 9 3 3

1 CV ATTN: ALBERT P. BRIDGES
1 CV ATTN: JOHN R. HOFFMAN
1 CV ATTN: DONALD H. BRYCE
1 CY ATTN: WALTER E. WARE

LOCKHEED M I S S I L E S  AND SPACE CO I N C
32 5 1 HANOVER STREET
PALO ALTO , CA 943 04

1 CV ATTN: LLOYD F. CHASE

M A X W E L L  L A B O R A T O R I E S , I N C .
9244 BALBOA AVENUE
SAN D I E G O , CA 92123

1 CV ATTN: A. RIC HARD MILLER
1 CV ATTN: PETER KORN
1 CV ATTN: Wayne Clark

MCDONNELL DOUGLAS C O R P O R A T I O N
5301 BOLSA A V E N U E
HUNTI NGTON BEACH , CA 92647

1 CV ATTN: STANLEY SCHNEIDER

p M I S S I O N  R E S E A R C H  C O R P O R A T I O N
735 STATE STREET
SANTA B A R B A R A , CA 93101

1 CV ATTN: WILLIAM C. HART
1 CV ATTN: CONRAD L. LONGMIRE

6
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MISSION RESEARC H CORPORATION—SAN DIEGO
P.O. BOX l~~fl9LA JOLLA , CA 92 038

(VICTOR A. J. VAN LINT)

F 1 CV ATTN: V. A. J. VAN LINT

N O R T H R O P  C O R P O R A T I O N
NORTHROP R E S E A R C H  AND T E C H N O L O G Y  CTR
34 01 W E S T  BROADW A Y
HAWTHORNE , CA 9 025 0

( D E S I R E S  ONLY 1 COPY OF CNW D I  MAT)
1 CV ATTN: LIBRARY

N O R T H R O P  C O R P O R A T I O N
E L E C T R O N I C  D I V I S I O N
23 01 WEST 120 T H S T R E E T
HAW THO R N E , CA 9 025 0

1 CV ATTN: VINCENT R. DEMARTINO

P H Y S I C S  I N T E R N A T I O N A L  COMPA N Y
27 00 M E R C E D  S T R E E T
SAN L E A N D R O , CA 9 4 5 7 7

1 CV ATTN: DCC CON FOR BERNARD H. BERNSTEIN
1 CV ATTN: DCC CON FOR CHARLES H. STALLINGS
1 CV ATTN: DOC CON FOR PHILIP W . SPENCE
1 CV ATTN : DOC CON FOR BERNIE LIPPNANN
1 CV ATTN: DOC CON FOR SIDNEY D. PUTNAM

P U L S A R  A S S O C I A T E S , I NC.
11491 S O R R E N T O  V A L L E Y  BLVD
SAN D I E G O , CA 9 2 1 2 1

1 CV ATTN: CARLETON H. JONES JR.

R & D ASSOCIATES
P.O. BOX 9695
M A R I N A  D E L  R E V , CA 9 0291

1 CV ATTN: C. MACDONALD
1 CY ATT N: WILLIAM R. GRAHAM JR.
1 CV ATT N: LEONARD SCHLESS INGER

S C I E N C E  A P P L I C A T I O N S , INC .
P.O. BOX 2351
LA JOLLA , CA 9 2 0 3 8

1 CV ATTN: J. ROBERT BEYSTER

S P I R E  C O R P O R A T I O N
P.O. BOX D
BEDFORD , MA 01730

1 CV ATTN: ROGER G. 
LITTLE 7



SRI  I N T E R N A T I O NAL
333 RAVENSWOOD A V E N U E
MENLO PARK , CA 9 4 0 2 5

1 CY ATTN: SETSUO DDA IR IK I

SYSTEMS , S C I E N C E  AND SOFTWARE , I N C .
P.O. BOX 4803
HAYWARD , CA 94540

1 CV ATTN: DAVID A. MESKAN

SYSTEMS , SCIENCE AND SOFTWARE , I N C .
P.O. BOX 162 0
LA JOLLA , CA 9 2 0 3 8

1 CV ATTN: ANDREW R. WILSON

TEXAS TECH U N I V E R S I T Y
P.O. BOX 5404 NORTH COLLEGE STAT I ON
LUBBOCK , TX 79417

1 CV ATTN: TRAVIS L. SI MPSON

TRW DEFENSE & SPACE SVS GROUP
ONE SPACE PARK
REDONDO BEACH , CA 90278

1 CV ATTN: TECH INFO CENTER/S— 1930

VOUGHT C O R P O R A T I O N
MICHIGAN DIVISION
381.11 VAN DYKE ROAD
STERL I NG H E I G H T S , MI 48077

(FORMERLY LTV AEROSPACE CORPORATION )
1 CV ATTN: TECH LIB

NRL CODE 2628 — 20 CVS

NRL CODE 6700 — 1 CV

NRL CODE 6750 — 20 CYS (1 CV CLASsIFIED)

p
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